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Abstract 
Diffuser is one key component of the gas turbine combustor following the compressor. Its primary function is to slow down the 
air flow delivered by the compressor in order to promote efficient combustion and avoid large total pressure losses. The impacts 
of pre-diffuser wall angle and dump gap ratio on the performance of dump diffusers have been discussed in the previous work, 
but few work has been undertaken on designing diffusers with greater pre-diffuser wall angle. It was observed that apparent flow 
separation occurred on pre-diffuser wall when pre-diffuser wall angle amplified to certain degree. The pre-diffuser exit flow was 
distorted, indicating that the uniform exit conditions typically assumed in the diffuser design were violated. Skew distribution of 
the pre-diffuser outlet flow can result in strong transverse mixing for liquid, the total pressure loss of pre-diffuser increases 
significantly. In this paper, vortex generators were introduced to delay pre-diffuser separation. PIV system was used to obtain the 
velocity filed of dump diffuser in the non-reacting condition. Comparisons between experimental results and numerical 
simulations using different turbulence models show that Reynolds Stress Model (RSM) can better predict flow field of diffuser 
Calculations result indicated that vortex generators delayed pre-diffuser separation observably and the total pressure drop was 
reduced to five percent of previous value.  
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1. Introduction 
Many experimental and numerical studies have been focused on the design optimization of modern aero-gas 
turbine engines during last few decades [1-4].Those studies demonstrated that the performance of dump diffusers 
depends largely on the profile of the pre-diffuser, the flow field of diffuser inlet, and the distance between the head 
of the flame tube and the outlet of the pre-diffuser. Fishenden and Stevens[1] studied the influence of dump diffuser 
system. A fully annular model of dump diffuser was tested. Results showed that the presence of the flame tube has a 
beneficial effect on the performance and stability of flow in the pre-diffuser. Sanalkumar et al [5]demonstrated the 
relation between the combustor walls and the total pressure loss. The author calculated the static pressure 
distribution at the upper walls of diffusers with the same dump gap but different combustor walls, presented an 
idealized physical model of a dump diffuser. A diffuser with high dome flow rate and high dome depth was 
investigated experimentally by Walker et al [6]. It was revealed the interaction between the diffuser and downstream 
geometry and how this interaction varied with changes in diffuser geometry. 
Few work has been undertaken on designing diffusers with greater pre-diffuser wall angle and the flow separation. 
The expansion of the pre-diffuser wall angle can reduce the pre-diffuser's length efficiently and at the same time 
decrease the total pressure loss. However, pre-diffuser wall angle amplified to a certain degree, apparent flow 
separation occurred on pre-diffuser wall leading to the total pressure loss increase. The main objectives of the 
present study were to identify the pressure loss mechanisms and present a measure for reduction of total pressure 
loss. 
Nomenclature 
H         annulus height 
Lpre         pre-diffuser length 
Ө         pre-diffuser wall angle           
D           distance between head of flame tube and outlet of pre-diffuser (dump gap) 
S           flow separation value 
m           mass flow rate 
p            static pressure 
pt                 total pressure 
W           width of flame tube 
U0          inlet velocity of pre-diffuser 
U             local axial velocity 
x             distance to pre-diffuser inlet 
y             distance perpendicular to inner annulus wall 
ρ             fluid density 
Ω            total pressure loss Coefficient 
CP                pressure recovery coefficient 
 Subscripts 
1             pre-diffuser inlet 
2             pre-diffuser outlet 
3/4          outer/ inner annulus flow field 
Superscripts 
-             mass-weighted mean value  
2. Experimental setup 
The present research was carried out in the water towing tank of the “Fluid Mechanics and PIV Laboratory 
(FMPL)” of Xiamen University, shown in figure 1. This test facility used water as a medium. The tank used in this 
experiment has this dimension of 0.5m×0.58m×2m in the test section. It consists of a water tank and a trolley 
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supporting the towing system and the controlling instruments. The towing speed can reach the maximum velocity of 
0.5m/s. 
This PIV system was provided by Dantec. The PIV measurement system consists of five sub-systems, i.e., quasi-
cw laser light source, optics lens with mirror, one CMOS camera, seeding particles, and PIV software. The laser was 
installed sideways the towing tank. The laser head was installed vertically under the test section, giving a light sheet 
parallel to the camera. The high speed CMOS camera was vertically mounted behind the tank to acquire the 
information of the plain which is illuminated by the light sheet. Then, the data collection was send to the computer 
for calculation. 
  
  
Figure 1.Experimental facility 
PIV system was used to obtain the velocity field of a rectangle combustor in the non-reacting condition. The 
experimental model was showed in figure 2 and it was manufactured by transparent acrylic boards.  An idealized 
physical model of a dump diffuser with straight-walled pre-diffuser is shown in Fig.1. Baseline values (H1=21.7mm, 
Lpre=57mm, W =98mm, H3 = H4=20.5mm, Ө=9eˈD/H2=1.02 ˅are based on a typical diffuser. Flow velocity was 
set to 0.25m/s. 
 
Figure 2.Photographic view of the dump diffuser at the test rig 
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Figure 3.Idealized physical model of a dump diffuser with straight-walled pre-diffuser 
3. Numerical simulation 
In this paper, the turbulent model was determined by comparisons of velocity profile of a section in dump area 
between experimental results and simulation results using different turbulent models were shown in figure 4. For 
the sake of contrastive analysis, we adopt relative coordinate and velocity. Distance between the selected section and 
pre-diffuser outlet is 60 percent of length of dump gap. From figure 4, the prediction results using RSM are in good 
qualitative agreement with the experimental results , especially for the maximum velocity position and inflection 
points. The SST model also gives good predictions. However, maximum velocity value predicted by SST model is 
slightly greater than experiment data. The k-ε  and k-ω model have relatively big errors in the prediction of flow 
field of diffuser. This is due to the fact that the k-ε and k-ω model are based upon the eddy viscosity hypothesis [7]. 
Simple eddy viscosity assumption in the Boussiness hypothesis cannot accurately capture the Reynolds stresses as 
well as the complex flow separation in the diffuser. Date [8] also reported that eddy viscosity models were poor for 
unconfined flows with strong separation flows or far wakes. Problems were also encountered for flows with large 
extra strains such as curved boundary layers, diverging passages, and swirling flows. In those flows, highly 
anisotropic turbulence has a dominant effect. The literature[9-10] compares the predictions of total pressure losses, the 
result shows that  k-ε and k-ω model overpredict  the  total pressure loss. Waker[11-12] reported that 
Reynolds stress model gave better agreement with measured data in a dump diffuser.  
 
Figure 4.Comparision of predicted and measured velocity profile in dump diffuser 
Computational model of an diffuser is an axisymmetric annular system that comprises an initial pre-diffuser, 
inner and outer annulus heights and a combustor with a semi-circular head. 2D schematic diagram  is as in Figure 3. 
Specified parameters  H0, A0, A1and Lpre equals 21.7mmˈ 17.4mmˈ 30mm and 57mm., previous studies 
demonstrated that pre-diffuser wall angle amplified to 8 degree, as a result the apparent flow separation occurred on 
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pre-diffuser wall. In this paper, pre-diffuser wall angle of the benchmark model (named Case 1)was set to 9 degree. 
In case 2, vortex generators have been installed on pre-diffuser wall where flow separation began to occur as shown 
in Figure 5. The modelled vortex generators are 3D airfoil 2032cjc[13]. The height is 4 mm, and chord is 10 mm. The 
vortex generators were installed circumferentially with mounted interval of 4 degrees and the total number is 90. 
Based on experiment data and previous studies, numerical simulations have been carried out using a well-
established three-dimensional standard Reynolds stress model. Cold flow of diffuser has been simulated using 
FLUENT 6.0. The SIMPLER algorithm is employed to solve the model equations.  
Velocity boundary condition is used to define the flow velocity along with all relevant scalar properties of the 
flow at the inlet. Inlet velocity used in the present study is 122 m/s. Outflow boundary condition is used to model the 
flow at exit where the details of the flow velocity and pressure are not known prior to solution of the problem. As 
these variables are not known for the case under study, we have adopted this boundary condition for the combustor 
exit. 
The total number of grid is 3.5 million. In order to test the independence of grid, the grid density was increased by 
50%. The variation of predicted velocity at the critical sections, namely the pre-diffuser outlet and dump area less 
than 4%. Hence for the present study 3.5 million cells were used. The minimum grid size was 0.3 mm and maximum 
was 1 mm. 
 
Figure 5.vortex generators installation diagram 
4. Performance parameters 
The performance of a diffuser can be assessed in terms of the total pressure loss and static pressure rise between 
its inlet and outlet planes. The total pressure loss coefficient and static pressure rise coefficient is defined as: 
2
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VU:
t         
2= 0.5P
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'          
The mass -weighted mean  pressure at a cross section is defined as: 
0
1 A dp p m
m
 ³             
5. Results and Discussion 
In this paper, a new indicator, S,  was defined to reveal the extent of flow separation. The value of S equals X/Lpre. 
X was the distance between the position where the velocity reached negative and the diffuser inlet. Higher value of S 
indicates late flow separation. The result (table 1) shows that nearly all of static pressure rise occurs in the pre-
diffuser, and most of the loss in total pressure occurs in the dump and settling region. 
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Table 1 The result of numerical calculation(θ=9°) 
Case S˄x/L) Flow ratio of 
outer annulus 
Ω of pre 
diffuser 
Ω of dump 
diffuser 
Total Ω Cp of pre 
diffuser 
Cp of  dump 
region 
Total Cp 
1 0.639 33.9% 2.46% 11.16% 13.63% 48.27% -2.17% 46.10% 
2 0.72 35.4% 2.18% 10.75% 12.93% 50.89% -1.77% 49.12% 
  
Figure 6.Velocity and pressure contours of case 1 
Figure 6 gives velocity and pressure contour about the flow pattern inside the diffuser. The flow separation is 
discerned at the pre-diffuser of the central back. The skew distribution of the pre-diffuser outlet flow was caused by 
the separation flow. Pressure distribution tends to be evidently spatial inhomogeneous in the  recirculation zone. 
Pressure inside outer annulus is greater than inner annulus and  more air is forced into inner passage. The 
energy loss due to flow mixing rapidly increase. Figure 7 shows the trend of mass -weighted mean total pressure and 
static pressure change. 
 
Figure7. Total pressure and static pressure curve of diffuser 
Vortex generators have been utilized on most of commercial aircraft to enhance flying qualities. These devices 
are used in assorted sizes and combinations, and can be mounted in various locations on an airplane.  Vortex 
generators act as the miniature wings, creating lift perpendicular to its own surface. In Figure 8, velocity contours of 
pre-diffuser shows that how vortex generators influence airflow. The vortex interacts with the boundary layer air on 
the surface behind the device by inducing high energy air from outside the boundary layer down to the surface 
displacing low energy air in the process. The air adjacent to the surface is re-energized, and by suitable tailoring of 
834   Leilei Xu et al. /  Procedia Engineering  99 ( 2015 )  828 – 834 
the configuration, the vortex generators can delay, control, or sometimes prevent separation of the boundary layer 
from the surface; In table 1, the flow separation value S equals 0.72, higher than case 1 .The total pressure loss 
reduced to 12.93%, approximate decrease 5%. The pressure recovery coefficient increase to 49.12%, from 46.1% in 
case 1 without vortex generators, approximate increase  7% compared to case 1. 
 
Figure 8.Velocity contours of pre-diffuser with vortex generators 
6. Conclusion 
In this paper, an experimental and computational study of cold flow in the dump diffusers was presented. PIV 
experiments were conducted in an simplified test model to validate the simulation using the different turbulence 
models. The results with four different turbulence models have been compared with experimental data. The 
comparisons shown that Reynolds stress model exhibited good agreement with the experimental results. Vortex 
generators were introduced to delay pre-diffuser separation. Calculations indicated that vortex generators were a 
valuable aerodynamic tool which can be used by aircraft designers to enhance the performance of diffuser. Judicious 
use of vortex generators results in optimum aerodynamic characteristics over a wide range of flight conditions. 
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